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Abstract — In Wireless Sensor Networks (WSNs), event de- 
tection problem has been formulated as a binary hypothesis 
testing problem, and past work is largely focused on problem 
formulations that assume sensor nodes in a parallel configuration, 
where individual hard or soft decision is computed at each 
sensor node and transmitted directly to a fusion node. In such 
a configuration, sensor nodes farther away from the fusion node 
use more power to transmit their decisions. In this paper, we 
investigate a hierarchical configuration of the sensor nodes. In 
our proposed scheme, each sensor's decision is made aiming at 
minimizing the probability of error in the fusion node while 
imposing constraints on the energy consumption for information 
transmission. The solution is based on optimally choosing the bit 
allocation among the sensors and the thresholds of the decision 
rules. Simulation results show significant improvement in the 
case of the proposed hierarchical configuration compared with 
parallel configuration for different size networks, especially in 
larger networks. For example, in a 33-node network, for a fixed 
total number of transmitted bits, 71% less energy is consumed, 
and for a fixed energy budget, 146% more bits are transmitted, 
and 46% higher computed Chernoff information is available at 
the fusion node. 

I. Introduction 

Decentralized detection, cast as a hypothesis testing prob- 
lem, involves making noisy observations at sensor nodes, 
locally quantizing these observations based on some decision 
rules, and then sending the quantized data to the fusion node 
for the final decision. For binary hypothesis, the goal is to 
decide between two states, Ho and Hi in the fusion node with 
minimum probability of error. Although the final decision is 
binary, the decisions at each sensor do not need to be binary. 
In other words, the quantization levels at the sensors may be 
more than two. A large body of research exists on parallel 
decentralized detection configuration, where each sensor node 
sends its quantized information directly to the fusion node. 
Decentralized detection was first introduced by Tenney and 
Sandell in [1|. It was extended by Tsitsiklis [2|, Varshney 
101 , Viswanathan and Varshney [4| and Blum et al. |51 . 
Chamberland and Veeravali [6| and |7| investigate the problem 
of decentralized detection in sensor network applications, by 
considering resource constraints, such as spectral bandwidth, 
processing power, and cost, assuming that the information 
from the sensor nodes to the fusion node is transmitted over 
a wireless channel. 

The major drawback of the parallel configuration is the large 
amount of energy needed for transmitting the quantized sen- 
sors' data. In such a configuration, nodes farther away from 



the fusion node spend more energy to send their information 
directly to the fusion node. On the other hand, sending the 
quantized data of each sensor node through multiple hops 
significantly reduces energy consumption at the cost of in- 
creased total delay. Ferrari et. al. J8) have investigated the 
effect of uniform and non-uniform clustering on the probability 
of decision error at the fusion node, assuming each sensor node 
makes a binary decision about the state, and a majority-like 
rule is used at each intermediate fusion node. 
In this paper, we study the problem of decentralized event 
detection formulated as a binary hypothesis testing. We intro- 
duce a hierarchical configuration of the sensor nodes based on 
the notion of localized clustering. Note that while hierarchical 
clustering concept has been applied to data gathering protocols 
in WSNs J9), it has not been used to formulate hypothesis 
testing for event detection in WSNs. In our current work, we 
assume that the observations at the sensors are identically and 
independently distributed. The number of intermediate hops 
for each sensor node to send its information to the fusion 
node is optimized as a tradeoff between the energy spent 
on the transmitter amplifiers (depends on the transmission 
distances) and the energy spent on radio electronics (does not 
depend on transmission distances). The decision rules and the 
number of quantization levels at each sensor are determined to 
maximize the amount of information in the fusion node, under 
the constraint of total energy consumed. Our simulation results 
show that, on average, we were able to allocate twice as many 
bits (keeping the total consumed energy fixed) or spend half as 
much energy (allocating the same number of bits to all sensor 
nodes) in the case of hierarchical configuration compared 
with parallel configuration; more improvements were shown 
for larger network sizes. This performance improvement is 
achieved at the cost of increase in the total transmission delay 
(which is on the order of milliseconds, thus suitable for most 
of the WSN applications). 

II. Decentralized Detection Problem 

Let us assume Y = [Yi, Y2, Y, Y£\ denotes a se- 
quence vector of measurements observed over all sensor nodes, 
such that Yj = [yj,t/|, ■■■,yj] represents the measurements at 
sensor node j, 1 < j < L, and y* denotes a single instance of 
measurement at sensor node j at time instance t, 1 < t < T, 
Let us further assume that the sequence of observations at 
each sensor node j, has the probability density function of 
fy\H (Y|-ffi), i = 0,1. Each sensor quantizes its observation 



according to the decision rule 7* 



Vi 



and then 



sends the quantized information to the fusion node for fi- 
nal decision about the state according to the decision rule 
70 :V=[U U U 2 , ...,U h ..., U L ] ^u . 
The goal in decentralized detection is to estimate the state 
in the fusion node with minimum probability of error, a = 
p(uo = Hi\Hq) is the probability of error, when the actual 
state in the environment is Hq, while the decision of the fusion 
node is Hi. Similarly, j3 = p{uq — Hq\Hi) is the probability 
of error, when the actual state is H\, while the decision of 
the fusion node is H . For hypothesis testing two different 
formulations have been used, Bayesian and Neyman-Pearson 
formulations. 

Bayesian Formulation: In Bayesian formulation of binary hy- 
pothesis testing, a probability is assigned to Ho and Hi and the 
goal is to minimize the probability of error, p e — TToa+TTif3, in 
which ttq is the a priori probability of state Hq and %i = 1—ttq 
is the probability of state Hi. The achievable upper bound for 
the error is given by ( Q): 

lim 1/TlogpP <log(^p(u|i/ ) s p(u|^i) 1_s ), (1) 

u 

u is the sequence of all decision rules available at the fusion 
node and the inequality is true for all values of < s < 1. To 
minimize the probability of error, we search for the decision 
rules that minimize the upper bound or equivalently maximize 
the Chernoff information at the fusion node. 
Neyman-Pearson Formulation: In Neyman-Pearson Formu- 
lation, a constraint is imposed on one of the error probabilities, 
a, and the goal is to minimize the other probability of error, 
P: 

minimize /3(e), subject to < a < e < 1/2 (2) 

7ii72)..-i7i 

According to Stein's lemma ( [10Q, we have: 

lim lim 1/T log /3(e) < T > = -D(p(u|# )||p(u|#i)), (3) 

e->0 T->oo 

in which D(a\\b) is the relative entropy of a with respect to 
b or Kullback-Leibler divergence. Therefore, for minimizing 
the error, we should maximize D(p(u\Ho)\\p(u\Hi)), which 
is equivalent to: 

r>(p(u|ff )||p(u|ffi)) = EpH^) lo s(^|y)> W 

III. Proposed Hierarchical Decentralized 
Detection Configuration 

Assuming a fixed total energy budget, E, over all the sensor 
nodes, the goal is to minimize the probability of detection 
error at the fusion node. This can be achieved by maximizing 
the amount of information transmitted to the fusion node. 
Most of the existing research related to decentralized detection 
in WSN has assumed parallel configuration of nodes for 
communicating local decisions to the fusion node (6), Q. 
In such a configuration, depicted in Fig. Q] the quantized 
information from the sensor nodes is sent directly to the fusion 
node. 



Assuming the same radio 
model as in [ 1 1 1 to represent 
the communication between any 
pair of nodes, the consumed total 
energy for transmitting (E(t x )) 
and receiving {E^ x )) M bits 
from one node to another, over a 
distance of r, is equal to: 
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Fig. 1. Parallel Decentralized 
Detection Configuration 



EelecM, 

where E e i ec is the energy dis- 
sipated to run the transmitter or 

receiver circuitry and e amp is the energy needed by the 
transmitter amplifier for transmitting one bit of information 
over a unit distance. Therefore nodes farther away from the 
fusion node will spend more energy to send the same number 
of bits compared with the nodes that are closer to the fusion 
node. We assert that this approach is inefficient in terms of 
energy and information quality. 

A. Hierarchical Decentralized Detection Configuration 

In a hierarchical configuration, depicted in Fig. [21 sensors 
farther from the fusion node send their quantized information 
through multiple sensors closer to the fusion node, which are 
referred to as the intermediate fusion nodes. As an example, 
at the ith cluster level, which is composed of Lj sensor 
nodes, the nodes' quantized data is sent simultaneously to 
their related intermediate fusion nodes; the output of each 
intermediate fusion node is either the concatenation of its 
inputs and its quantized observation or a compressed version 
of them. For instance, the output of sensor node Li + l is equal 
t0 u i,2,...,i},ii+i = [ui,u 2 ,...,u L i,u Ll+ i] without com- 
pression and Ui,2,...,l},l 1 +i = [«io u 2c , -, u L i c , W(z, 1+ i) c ] 
with compression, where Ui C represents compressed u,. In 
this paper we assume no compression in the intermediate 
fusion nodes. Sending information via multiple hops allows for 
dividing the distance into shorter intervals and then summing 
up the energies required for transmitting and receiving in each 
hop. In this way, energy required for transmitter amplifiers, 
which is proportional to r 2 , is less compared with sending 
information directly to the final destination. 
In our proposed hierarchical configuration, the number of 
intermediate fusion nodes is optimized to minimize the total 
energy; if we choose too many intermediate fusion nodes 
between a sensor node and the fusion node, then their im- 
mediate distances from each other decrease, which results 
in less energy spent on the transmitter amplifiers but more 
energy spent on the transmitter and receiver circuitries. On 
the other hand, by choosing too few intermediate fusion nodes, 
the energy spent on the transmitter and receiver circuitries is 
less and the energy spent on the transmitter amplifiers is more 
due to larger distances between adjacent intermediate fusion 
nodes. 

For the delay analysis of our hierarchical configuration, we 
assume a simple scenario in which the message from each sen- 
sor node fits a packet. The delay for transmitting each packet 




Fig. 2. Generalized Hierarchical Decentralized Detection Configuration 



the fusion node is given by ( |10|): 
C Q = - min [logQ^ulfforMulffi) 1 -*)] 

u 

L Qi 

= - o mn i (log(n(EK^I^o) s K^l^i) 1 - 5 ))) (6) 

1 = 1 «, = 1 

^ D-^wEp^mifli) 1 "'))). 

The contribution of each sensor's decision to Cq is equal to: 



consists of three parts; s: sending delay for preparing a packet 
and putting it out on the communication link interface, c: 
communication delay, and r: receiving delay for processing a 
received packet from the communication link interface ( fTZll ). 
In the proposed hierarchical configuration, delay depends on 
the number of cluster levels. The total delay is the sum of the 
delays at each cluster level, which equals to s + c + r * L* k 
for the cluster level k with L* k as the maximum number of 
sensors' data received sequentially. Therefore, the total delay 
for K cluster levels is given by: 



Delay 



K 



■r*L* k ) 



K(s 



K 

fc=i 



(5) 



Note that in the parallel configuration, the total delay for 
transmitting the data from L sensors to the fusion node is 
s + c + r * L. This is due to the fact that while the sensors 
can send their data simultaneously, the fusion node can only 
receive the sensors' data sequentially. 



B. Determining Decision Rules 

The accuracy of estimation at the fusion node depends on 
the amount of information the sensor nodes relay to the fusion 
node, which increases with an increase in the number of bits 
allocated to each sensor node to quantize its observation. So, 
both the probability of error at the fusion node and the energy 
consumed for transmitting the sensors' decisions to the fusion 
node are functions of the number of quantization levels at each 
sensor node. Due to the asymmetry of the location of the nodes 
in hierarchical configuration, allocating the same number of 
bits to all of the sensor nodes is not energy efficient. In this 
section, we solve the problem of bit allocation to the sensor 
nodes in order to minimize both the probability of error and the 
total energy consumed in transmitting the sensors' information 
to the fusion node. 

1) Bayesian Formulation: Here, we assume that the ob- 
servations of the sensors are conditionally independently dis- 
tributed given each state: p(u\Hi) = Y[iLiP( u i\H-i) an d 
senor node I quantizes its observations with the number of 
quantization levels equal to Qi. The Chernoff information of 



Q = - min Oog(jn pimlHoYpimlHj.) 1 -')), (7) 

0<s<l * — ' 



u t =l 



Ci increases with an increase in the number of quantization 
levels, Qi. Therefore, an upper bound for it is: 



Ci < Cf = lim Ci 

Ql— >oo 



(8a) 



= - min (log( / fiyilHoYfiytlHtf-dyM. 

0<s<l 



(8b) 



From the above equation, if the observations at all sensor 
nodes are identically distributed, C z * will be the same for 
all of the sensor nodes (I = 1,2, ...£). However, allocating 
equal number of bits to the sensors is not energy efficient. 
In the hierarchical configuration, depending on the hierarchy 
structure, sensor nodes' quantized data may traverse different 
number of hops to reach the fusion node, thereby consuming 
different amounts of energy for transmitting their decisions. 
Therefore, it is obvious that under the constraint of total 
consumed energy, more bits may be allocated to the nodes that 
consume less energy for transmitting their information to the 
fusion node. In other words, the nodes farther from the fusion 
node should be allotted less number of bits and nodes closer 
should be assigned more bits. In the parallel configuration, 
we expect less total number of bits assigned to each node as 
more energy will be consumed on the transmission amplifiers. 
Assuming the same total energy available, in the hierarchical 
configuration, we expect more total number of bits assigned 
to the sensor nodes. This results in more detailed information 
reaching the fusion node, thus less probability of error in the 
hypothesis testing. 

Assume, Zth route consisting 
of node I (the first node in the 
rout), Ni — 1 intermediate fusion 
nodes, and the fusion node (node 
0), is used for transmitting node 



Intermediate Fusion Nodes 



l's quantized data (Fig. [3]). is 
the distance between two adjacent 
nodes i and j in the rout. The 
energy consumed in transmitting 
sensor Z's quantized data via rout 



Fig. 3. Zth Route Consisting 
of Node I (the first node in 
the rout), AT; — 1 Intermediate 
Fusion Nodes and the Fusion 
Node 



I is: 

El = 22 E(Tx)r. 
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E. 
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(9a) 
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M l {2N l E t 



elec + £ampd> JV;0 ~l~ ^ ] £ ™ip4(n+l) ) i (9b) 



where, E^ Tx ) n and E^ Rx ^ n , are the energies dissipated for 
transmitting and receiving from node n to the next node in 
the rout and M; is the number of bits allocated to node I, 
Mi = log2{Q{). 

For bit allocation among the sensors, our minimization prob- 
lem is aimed at determining the decision rules of the sensors 
that maximize the Chernoff information subject to a constraint 
of total consumed energy. The decision rule at each sensor 
node is completely identified by its number of quantization 
levels and decision regions. According to Co < 2~2i=i @U the 
minimization problem is formulated as: 

L L 

maximize >^ C; , subject toV^Ei < E (10) 

71.72, 7£ 



1=1 



1 = 1 



To solve this optimization problem, first we find decision 
regions for each sensor, which maximizes its Chernoff in- 
formation, Ci, for different values of quantization levels, Qi. 
The decision rule used at each sensor node for quantization, 
is Maximum Likelihood Ratio (MLR) test; for a fixed number 
of quantization levels, Qi, the optimum decision regions 
are obtained accordingly: 7° pt (Qz) = arg max 7i (Q; C/(Qj), 
where, 



Qi , 

Ci(Q0 = -min (log(]T(/ f( yi \H 



)dyi) s 



( / /(y^o)^) 1 - 8 )), 

(11) 

In the next step, we solve the optimization problem to deter- 
mine Q = [Qx,Q%, -,Qi, —,Ql]: 

l L 
maximize Y^C;(<5;), subject to Ei <E (12) 

/ i i=i 

2) Neyman-Pearson Formulation: With the assumption of 
conditionally independently distributed observations, we have: 



L Qi 



£>(p(u|Ho)||p(u|Hi)) = X)(Z)(p(«i|ffo)log( 



1 = 1 u,=l 



p{ui\H a ) 
p(MHi) 



))), 



(13) 

from which the contribution of each sensor and its upper 
bound are: 



£(p( Uz |ff )log( 



ui=l 



p(ui\H ) 
p(ui\Hi) 



))< 



(14) 




Fig. 4. Optimum Hierarchical Configuration for Forwai'ding Sensor's 
Quantized Data in a 17 Sensor Node Network 



Using the procedure similar to what is discussed in the 
previous section for the Bayesian formulation, the optimum 
decision regions are obtained from: 

7 ; pt (g0 = argmax V (p(^|g ) log( P ^j^°j )), (15) 

and the optimization problem is: 

maximize V V (p(ui\H ) log( P ^'|^°| )) 
Qi,Q 2 ,-,Ql j^[t± x p(ui\Hi) 



subject to ^Ei < E 



i=i 



IV. Simulation Results 



The performance of the proposed hierarchical configuration 
of nodes for the decentralized detection problem is eval- 
uated by simulating in MATLAB and compared with the 
parallel configuration in terms of energy cost, information 
quality and delay. We simulated Gaussian random variables 
of observations in the sensors; f(y\Ho) = Af(— 1, 1) and 
f{y\H\) — jV(1, 1) are considered for determining optimized 
decision rules within the sensor nodes. For simplicity, we 
assume a single dimensional WSN field, where the nodes are 
equispaced on a straight line (see Fig. |4] for a 17 sensor node 
network), however the proposed method can be applied to any 
arrangement of sensors in the network. Let us assume that 
the distance between each adjacent node is d by defining the 
sensor node in the middle, i.e. node 0, as the fusion node. 

used in the simulations are: 
mnJ/bit. 



The values for e a 

£amp = I00pj/bit/m 2 , E ele 



A. Hierarchical vs Parallel Configuration 

We have used different values for inter-node distances, d, 
in our simulations and the results show very similar trends. 
In this paper we report only the results for d = 20m. Fig. [5] 
shows the total energy for transmitting one bit of quantized 
information at each node in both the parallel and hierarchical 
configurations. The data in this figure is applicable to different 
size networks, from 3 up to 33 nodes. The starting point of 
each curve in Fig. |5](i.e number of intermediate fusion nodes 
= 0), corresponds to the parallel configuration and the other 
points (number of intermediate fusion nodes > 0) are related 




Number of Intermediate Fusion Nodes 
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Total Energy Consumed for Transmitting One Bit of Information 
Different Distances from the Fusion Node 
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Fig. 6. Comparison of the (a) Total Energy Consumed, (b) Total Number of 
Bits Received at the Fusion Node, and (c) Chernoff Information in the Fusion 
Node, for 9, 17 and 33 Sensor Node Network 

TABLE I 

Optimized Decision Rules at Each Sensor Node for Different 
Values of Q, Gaussian Distribution of Bayesian Formulation 



Q thresholds 


C op t{Q) 


2 [0] 


0.3137 


4 [-1 1] 


0.4399 


8 [-1.8 -1.1 -0.5 0.5 1.1 1.8] 


0.4824 



to different number of cluster levels in a hierarchical configura- 
tion, therefore simulating different hierarchical configurations. 
As can be seen from the figure, for each node's quantized data, 
the parallel configuration consumes more energy compared 
with the hierarchical configuration. 

In the Hierarchical configuration, for each sensor node, de- 
pending on its distance from the fusion node, the optimum 
number of intermediate fusion nodes needs to be selected. As 
discussed in Section IIII-AI this number should be determined 
such that it minimizes the total required energy. The optimum 
points are shown by a star in Fig. [5] 

In addition, the energy consumed for different nodes' quan- 
tized data is an increasing function of the node's distance from 
the fusion node in both parallel and hierarchical configuration; 
by allocating the same number of bits to all of the sensor 
nodes' observation, more energy is consumed to transmit the 
quantized data of farther nodes from the fusion node. 

The total delay for the optimum hierarchical configuration 
in Fig. |4] (using the results of Fig. [5]) consists of four parts 
related to the four cluster levels: 

1) s + c + r for simultaneous transmission of node 1 to 3, 
2 to 4, 16 to 14 and 15 to 13 

2) s + c + r for simultaneous transmission of node 3 to 5, 
4 to 6, 14 to 12 and 13 to 11 

3) s + c + r for simultaneous transmission of node 5 to 7, 
6 to 8, 12 to 10 and 11 to 9 

4) s + c + 4 * r for simultaneous transmission of node 7, 
8, 9 and 10 to the fusion node. 

In parallel configuration, the delay is equal to s + c + 16 * r. 
Therefore, if we assume sending and receiving overheads to 
be negligible relative to the cost of actual communication, the 
total delay in the parallel configuration, which is s+c+16*r ~ 
c, is approximately one forth of the delay in the hierarchical 
configuration, 4*s + 4*c+7*r~4*c. 



B. Effect of Scaling the Network Size 

Fig. |6ja) shows total energy consumed by hierarchical 
versus parallel configurations when one bit is allocated to the 
quantized data of each node. We see that larger networks show 
significantly more improvement in terms of energy savings. 
The results shown in Figs. |6jb) and|6jc) were obtained under 
a fixed total energy constraint for each of the sensor networks 
and by applying the method discussed in section [V] Fig. |6|b) 
shows that the total number of bits received by the fusion 
node was improved significantly for the case of hierarchical 
configuration; again higher percentage improvements were 
shown for larger networks. Fig. |6jc) shows that the same bit 
allocation, results in significant improvements in terms of the 
fusion node's Chernoff information (using the results from 
section USD- 

C. Effect of Quantization 

First, we need to determine the decision rules of all the 
nodes for different values of Q, the number of quantization 
levels. From the fact that the Gaussian distributions satisfy 
the monotone likelihood ratio property, we determine the 
thresholds of quantization at each sensor node accordingly, 
for different values of Q. Since the probability distributions at 
all the nodes are identical, the minimization problem for all 
of the nodes is identical and is expressed as: 

C opt (Q) = max Q(Q), (16) 

Sl,t2)-"*Q — l 

and 

max f>Mtf )log(4^)) (17) 
f 1 ,t 2 ,...t Q _ 1 ^ p(ui\Hi) 

U(=l 

for Bayesian and Neyman-Pearson formulations respectively. 
Here ti,i — 1,2, ...Q — 1 are the thresholds that have 
the property t\ < ti < ... < ig-i under the monotone 
likelihood ratio. The optimum thresholds for different values 
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TABLE II 

Optimized Decision Rules at Each Sensor Node for Q = 2, 4, 
Gaussian Distribution of Neyman-Pearson Formulation 



5 

a 

(a) 



Fig. 7. Optimized (a) Chemoff Information, and (b) Kullback-Leibler 
Divergence, for Different Values of Quantization Levels 



of quantization levels were obtained by simulation and 
are listed in Tables U and [TT] with four-digit accuracy of 
Chernoff information and Kullback-Leibler divergence. As 
the simulation results show, Fig. [7j the Chernoff information 
and Kullback-Leibler divergence increase with the increase in 
the number of quantization levels and get closer to the upper 
bounds 0.5 and 2.0 respectively. 



V. Discussion 

Under the constraint of fixed total energy, solving the 
optimum bit allocation problem using known optimization 
methods such as Lagrangian method does not result in an 
explicit solution. Therefore, an algorithm-oriented method 
for Gaussian distributions is proposed, which is an iterative 
approach for increasing the number of bits allocated to the 
sensors. This algorithm is based on the fact that, allocating 
minimum number of bits to each node (two bits), results in 
considerable amounts of Chernoff Information and Kullback- 
Leibler divergence, more than 60% of the upper bound. 
In addition, as shown in Fig. [7j the amounts of Chernoff 
information and Kullback-Leibler divergence increase rapidly 
at first with an increase in the number of allocated bits and 
then increase slowly: 

1) Change the numbering of the sensor nodes in the order 
of increasing energy required for transmitting one bit of 
information, i.e. E\ < E2 < ... < -Ex 

2) Set Mi = log2(Qi) = 0,i = 1,2,..., L with the 
computed consumed energy equal to zero. 

3) While the computed consumed energy is less than the 
constraint energy and L^O: 

a) i = 1. 

b) While i < L: 

i) Mi = Mi + l; 

ii) Compute the energy consumed with this bit 
allocation. 

iii) If the computed consumed energy is more than 
the energy constraint, 

A) Mi = Mi - 1. 

B) L = i - 1. 

C) i = 0. 

D) Compute the energy consumed with this bit 
allocation. 

iv) i = i + 1. 



Q 


thresholds 


Er,u(pW"o)iog(§^ 


Ho> \) 


2 
4 


[-0.6] 
[-1.7 -0.7 0.3] 


1.2788 
1.7653 





4) Renumber the sensor nodes as they were before applying 
the algorithm. 

5) Report the number of bits allocated as the optimum bit 
allocation among the nodes. 

VI. Conclusion 

In this paper, an energy efficient decentralized detection 
is studied using a hierarchical configuration of the sensor 
nodes. The number of intermediate hops for each sensor node 
is determined to achieve minimum energy consumption for 
transmitting the information to the fusion node. In addition, 
a methodology for determining the decision rules at each 
sensor node and the number of bits allocated are proposed to 
maximize the amount of information at the fusion node. We 
show that compared with the existing formulations based on 
parallel configuration, the proposed hierarchical configuration 
achieves better energy consumption at the cost of minor 
addition in the latency. We envision a hybrid system that can 
be dynamically adapted to the application constrains while 
minimizing energy usage as well as delay. 
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